Abstract
Introduction

1
Sarcopenia, defined as age-related loss of skeletal muscle mass, strength, and function (Cruz-Jentoft et al. 2010), is 2 considered as a primary reason of loss of independence and falls (Wolfson et al. 1995) . Previous studies have typically 3 assessed age-related loss of muscle mass through muscle volume or cross-sectional area using magnetic resonance imaging 4 (Janssen et al. 2000) , or computed tomography (Overend et al. 1992) , and muscle thickness (MT) using ultrasound Recently, it has become possible to assess muscle quality in vivo by non-invasive ultrasound imaging in which an 10 enhanced echo intensity (EI) represents augmented fat and connective tissue within muscle (Pillen et al. 2009 ). Previous 11 studies by others and us have assessed MT and EI as indices of muscle quantity and quality in the limbs; these revealed 12 that decreases in MT and increases in EI occurred with aging (Arts et al. 2010; Fukumoto et al. 2012b ). Thus, quantitative
13
and qualitative changes are known to occur in the limb muscles with age. However, no study has investigated the correlation 14 between the trunk and limb muscle changes with aging. Therefore, this study aimed to investigate the age-related changes
15
in muscle quantity and quality in the upper and lower limbs and trunk muscles in women.
17
Materials and Methods
18
A total of 128 women participated in this study after providing written informed consent. Of these, 28 were young (age   19   4   4 19-30 years) and 100 were community-dwelling, middle-aged and elderly women living independently (age, 53-92 years).
1
The middle-aged and elderly participants were divided into 3 categories: middle-aged (<65 years), young-old (65-74 years) 2 and old-old (≥75 years). The eligibility criteria were as follows: able to walk without assistive devices and climb stairs, no 3 dementia, no history of trauma, surgery, neuromuscular disorders, metabolic disorders, or acute and chronic diseases that 4 impair the muscle quantity, quality and strength, or physical function. The history of parturition (yes or no) was recorded 5 using a questionnaire. The ethics committee of Kyoto University Graduate School and the Faculty of Medicine approved 6 the study protocol.
7
Ultrasound examinations were performed using a B-mode ultrasound device (LOGIQ e; GE Healthcare UK Ltd., 
16
The frozen ultrasound images were stored and numbered to blind the investigator regarding the subject's age for 17 further analysis. MT was assessed as an index of muscle quantity using an electric caliper on the ultrasound images. EI was 
2
Results are presented as the mean ± standard deviation. Group differences were analyzed using one-way analysis of 3 variance followed by Tukey's post hoc test. All analyses were performed using IBM SPSS 20.0 for Windows (IBM Corp.,
4
Armonk, New York, USA). P values of <0.05 were considered statistically significant. 
6
Results
7
11
MT of the biceps brachii showed a significant difference only between the middle-aged and old-old groups (p < 12 0.05). MT of the quadriceps femoris was significantly thinner in the young-old and old-old groups than in the young group,
13
and that was significantly thinner in the old-old group than the middle-aged group (p < 0.01). Compared with the young 14 group, MT of the rectus abdominis, external oblique and internal oblique were significantly thinner in the other groups (p 15 < 0.01). MT in the transversus abdominis showed a significant difference only between the young and the young-old groups
16
(p < 0.01).
17
Compared with the young group, EI was significantly higher in the muscles of all other groups (p < 0.05). EI was 18 significantly higher in the biceps brachii of the young-old and old-old groups and in the quadriceps femoris and external 6 6 oblique in the old-old group than in the middle-aged group (p < 0.05). No significant differences were observed in EI of 1 the other muscles among the middle-aged, young-old and old-old groups. 
10
Previous studies have shown that EI of the biceps brachii and quadriceps femoris shows an age-related change (Arts 11 et al. 2010; Fukumoto et al. 2012b). Our study further examined this age-related change dividing the subjects into four age 12 groups, and clarified that the change in EI starts from the middle age, and that this change in these muscles occur prior to 13 the change in MT, when no significant decrease in MT is yet seen. Thus, age-related changes in muscle quality may occur 14 earlier than losses of muscle quantity during the life span. These results indicate that adipose and connective tissue within is consistent with these results, we additionally revealed that the MT of the superficial abdominal muscles decreased from 5 middle age without finding differences in the MT of the biceps brachii or quadriceps femoris muscles between young and 6 middle-aged women. These results suggest that age-related atrophy of the superficial abdominal muscles may occur earlier 7 than that of the limb muscles in middle age. Furthermore, the EI was higher in all the trunk muscles of the middle-aged 8 group when compared with the young group. Thus, we revealed that both quantitative and qualitative changes occurred in 9 the superficial abdominal muscles of middle-aged women. Notably, although age-related atrophy was reported to be less 10 in the transversus abdominis (Ota et al. 2012) , it was clarified that the actual contractile tissue in this muscle is decreased
11
by augmented fat and connective tissue. Impairment in the trunk muscles can result in a loss of stability to the lumbo-pelvic 12 region (Urquhart et al. 2005 ). These results suggest that intervention that improves the quantity and quality of trunk muscles 13 may be needed from middle age. However, given that the differences in MT and EI of the trunk muscles were generally 14 insignificant among the middle-aged, young-old and old-old groups, it is possible that the quantity and quality of these 15 muscles is maintained beyond middle age. These findings may be affected by the history of parturition. No women in the 16 young group had experienced parturition, whereas 77% of the total participants in the middle-aged and elderly groups had 17 experienced it. Further study is required to clarify the effects of parturition.
18
The current study is the first to analyze MT and EI of the trunk and limbs in women of different ages. Because 
5
The present study has several limitations. One limitation was that the sample size in our study was small. Notably,
6
we did not included women aged 30-40 years due to difficulty in recruitment, during which age-related increases in the EI 7 might occur in the superficial abdominal muscles. However, in future, we aim to include a large number of women of all 8 ages over 18, including 30-40. Another limitation of this study was its cross-sectional design and that we included only 9 women. Further longitudinal studies in both men and women of all ages are required to confirm our results. In addition, we 10 measured only the right side. This was feasible because we excluded subjects whose muscle characteristics were expected 11 to be asymmetrical. However, it has been demonstrated that there was asymmetry between the left and right sides in the 12 muscle thickness of biceps brachii (Arts et al. 2010) . Therefore, the results of muscle quantity and quality, particularly for 13 biceps brachii, may have been affected depending on whether or not measurements were taken from the side of the 14 dominant hand.
15
In conclusion, age-related changes in muscle quality may occur at an earlier age than losses of muscle quantity. In 16 addition, loss of muscle mass in the superficial abdominal muscles, such as the rectus abdominis, external oblique and 17 internal oblique, may occur from an earlier age than the loss of muscle mass in the limb and the deep abdominal muscles. 
